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Abstract 
This paper is aimed at determining the Wobbe Index (W I) of cattle dung biogas which is the amount of energy 
delivered to a burner through an injector or orifice especially during combustion. The biogas was produced by 
anaerobic digestion of cattle dung in a batch digester within two weeks. Pressure and temperature of the digester 
were monitored at 12 noon daily. The analysis of the combustible biogas using thermal conductivity detector (TCD) 
revealed CH4 at 0.562, CO2 0.395, H2S 0.018, CO 0.019 and 0.005 moles for NH3 by volume. Its calorific value 
(C V) using gas calorimeter Junkers was 19.5 MJ/m3.  The cumulative specific volume of the biogas rose from 
zero through day 1 to 0.622732 m3/kg on the sixth day before recording daily marginal increments with the rest of 
the days of incubation. The relative density of the biogas also had a sharp rise on the second day at 5.039208 before 
dropping to 2.51126 and then gradually decreased daily to the end of digestion. The Wobbe Index equally rose 
from zero on the first day through to 12.08434 MJ/m3, 14.07783 MJ/m3 and 15.87665 MJ/m3 on days 2, 3, 4 and 
5 respectively after which it had logarithmic increments. The volatile solids destroyed also recorded logarithmic 
rise while the bacterial growth rate followed the zigzag pattern as those of internal energy and enthalpy. It is 
therefore concluded that parameters like the cumulative specific volume and Wobbe Index increased throughout 
the incubation period while those that are directly temperature dependent varied with the temperature of the 
digester. 
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1.0 Introduction 
The energy crises as a result of unacceptable upsurge in the prices of the fossil fuels in the 1970s compelled the 
developed nations to intensify the research in to alternative energy drives. In addition, the realization in the 1980s 
that products of combustion of these fuels which is principally carbon dioxide having the highest percentage, being 
underlying compound responsible for the global warming phenomenon, really increased the research momentum 
of these countries in to renewable energy sources. Furthermore, the observation that the fossil fuels sources are 
being depleted without corresponding refurnishing made it absolutely necessary,  this time around for both the 
developed and the developing nations to radially  launch researches in to alternative and renewable energy sources.  
Renewable energy sources are many and include: Hydropower, solar, wind, ocean, geothermal and wastes among 
others. These renewable energy resources except for the wastes do not degrade in the process of usage but are 
capital intensive and some like hydropower are affected by seasonal changes and are also location specific. The 
wastes on the other hand are not capital intensive as such. They can however be either synthetic or biological in 
nature.         
The synthetic wastes once attained this status are not biodegradable and as such require reasonable 
thermal energy in order to degrade. Examples of these wastes are used tyres, polythenes, plastics, and even charcoal. 
They now undergo processes like pyrolysis, gasification and so on to release energy in the form of gaseous fuels, 
liquid fuels and chars. For instance, Fernandez, et al., (2009) carried out pyrolysis of waste granulated tyres and 
tyre reinforcement fibres in a thermobalance horizontal oven at 550 oC and 900 oC to obtain 50-57 % by weight 
on dry basis tar, 25-35 % gases mainly butane and iso-butane while the rest was char. Quek and Balasubramanian 
(2013) reported that the pyrolysis of a whole tyre could be done at a temperature as high as 950oC at 101325 Pa to 
produce 24 % oil by weight. The pyrolysis of 300g of  shredded tyre scrap on a static batch reactor yielded solid 
(char), liquid (water and oils) and gas (light hydrocarbons, hydrogen, carbon monoxide and carbon dioxide) at a 
temperature range between 400 and 700oC (Berrueco, et al., 2005).           
Biological wastes on the other hand are biodegradable through enzymatic reactions especially in an 
anaerobic environment. This gives rise to biogas which is a mixture of almost naturally occurring gases. The 
principal components of biogas are methane (CH4) at 50-60% and carbon dioxide (CO2) with 30-40% by volume 
with traces of hydrogen sulphide (H2S), hydrogen (H2), oxygen (O2), nitrogen (N2) and water vapour. For example, 
Ezekoye and Ezekoye (2009) reported that raw biogas contains about 55-65% methane, 30-45% carbon dioxide, 
traces of hydrogen and fractions of water vapour. 
For a combustible biogas, the heating values vary like any other gaseous fuel depending on its source.  
The heating value determination is done in the form of calorific value and Wobbe index. It is a measure of energy 
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delivered through an injector to a burner. It shows the compatibility between the natural gas supplied and the 
burner (GQHWG, 2004).  A lot of work has been reported on the calorific value of biogas but little was done on 
Wobbe index for biogas. For instance, Raja, et al., (2012) conducted a variable calorific value tests on biogas and 
they showed that biogas with 56% methane had calorific value of 20 MJ/m3, 62% with 22.1 MJ/m3 and 70% 
methane had 25 MJ/m3. Beddoes, et al., (2007) reported that the heating value of biogas is 212 MJ/m3. Adegun 
and Yaru (2013) generated biogas from cattle dung and its analysis using thermal conductivity detector showed 
CH4 with 56.20%, CO2 with 39.50%, H2S, 1.08%, CO 1.90% and ammonia (NH3) 0.50%. They also reported that 
the calorific value of the biogas was 19.50 MJ/m3.  Wobbe Index of biogas with 60% CH4, 38% CO2 and 2% 
others had 19.5 MJ/m3 and that of natural gas to be 39.9 MJ/m3 (DTI, 2012).  
The objective of this paper therefore is to determine the Wobbes index of the biogas generated from cattle 
dung only. 
 
2.0 Theory of biogas production 
Biogas is a product of metabolism of methane-bacteria and is created when bacterial decompose a mass of organic 
material anaerobically. The energy needed for the activities of bacterial involves reduction and oxidation process 
(electron donor and acceptor). This may be endogenous (from within the cell) or exogenous (from outside the cell). 
The use of internal electron is known as fermentative metabolism (Tchobanoglous, et al., 2003).The bacteria can 
only work and produce the biogas if the substrate is sufficiently bloated with water at least 50% (Vindin, et al., 
2008). It is produced from a three-phase process; namely hydrolysis (which converts polymer to monomer) by 
hydrolytic bacterial (Iyagba, et al, 2009), acid-forming (acidogenesis) and methane-forming (methanogenesis). In 
the hydrolysis phase extra cellular enzymes secreted breakdown the complex organic substances into simple 
soluble molecules. The acidogenesis stage involves the breakdown of the simple molecules to volatile fatty acids 
(VFAs) such as propionic and butyric acids, carbon dioxide, ammonia and hydrogen while the methanogenesis 
phase converts the VFAs to methane, carbon dioxide, nitrogen, and hydrogen sulphide. Fusarium fungai and 
staphylococcus bacteria are involved in the anaerobic digestion process (Itodo, 2007). 
Enzymatic activities of micro-organisms responsible for the bioconversion of substrates to biogas are 
affected by temperature in ranges. Psychrophilic temperature range being below 20oC, mesophillic temperature 
range, 20-40oC and the thermophilic temperature range is 40-65oC. Thermophilic temperature range allows for 
shorter retention time and because of the high temperature of this phase there is little or no room for pathogens to 
thrive. The mesophilic range is the most common especially in the tropics where ambient temperature of 40oC is 
naturally attainable.     
 
3.0 Generation of biogas 
Cattle dung was collected from a local cattle ranch in Ilorin, Nigeria. This was crushed by beating it to pulp in 
synthetic fibres sacks. 8 kg of the cattle dung was mixed with equal volume of water charged to a digester up to 
75% of its volume. The digester was made of 2 mm thick mild steel. The mixture was stirred thoroughly to make 
uniform slurry before being closed tightly and subjected to anaerobic incubation in the laboratory at the Kwara 
State Polytechnic, Ilorin, Nigeria. The gas was daily tested for combustion and it burnt with a blue flame on the 
13th day of incubation. The raw biogas was collected in a cylinder and was analyzed using thermal conductivity 
detector.  
 
4.0 Calculations for biogas parameters 
The following assumptions were made in the course of the design calculations for the determination of the biogas 
parameters: the calorific value of the biogas is constant throughout the incubation period; the density of air is 
constant at all temperatures referred to herein; the temperature of the biogas in the digester is the same as that of 
substrate during the incubation period; equations (13) and (14) of plug flow digesters reported by  Gebremedhin 
and Inglis (2007) were adaptable to batch digesters. 
The additional equations employed in the determination of the biogas parameters were obtained from 
Rajput, (2011), Rajput, (2003), Rogers and Mayhew (1988), www.hobre.com  
                                                               M
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n =                                                            (1)  
                                           The mass fraction, ma is as given in equation (2)    
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The specific biogas constant (R) was estimated as given in equation (3) 
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 Specific heats at constant pressure, cp, and at constant volume, cv of the biogas are given in equations (4) and  (5) 
respectively.                                                                                                                  
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Determination of specific volume and relative density of the biogas was  done using equations (10) and (11) 
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The specific internal energy and specific enthalpy of the biogas were done using equations   (15) and (16) 
 
                                                         
Tcu v=                                                                   (15) 
                                                          
Tch p=                                                                  (16) 
   
Where: 
 Ro is the Universal gas constant (kJ/kgK);
  
 Ri is the specific gas constant of a component gas in the biogas mixture  (kJ/kgK); mi is the mass of a component 
gas in the mixture (kg); (cv)i  and (cp)i are respectively the specific heat at constant volume  and at constant pressure 
for component gas of the biogas mixture (kJ/kgK); u and h are specific internal energy and specific enthalpy of 
the biogas (kJ/kgK); T is the inside absolute temperature of the digester; ρbiogas and ρair are densities of biogas and 
air (kg/m3) respectively; RDbiogas is the relative density of the biogas; µm is bacterial growth rate per day; Vd is 
volatile solids destroyed; H is the calorific value of biogas;  and ν is specific volume of biogas; and SRTdest is the 
solids retention time which is also the days of incubation. 
 
5.0 Gas Chromatography (GC) 
The chromatography system is composed of the chromatograph and a recorder for plotting chromatographs. The 
experiment was conducted using thermal conductivity detector (TCD) at Multi- Environmental Management 
Consultants Ltd, Igbe, Ikorodu, Lagos, Nigeria.  
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6.0 Gas Calorific value determination 
Combustion of a gas in an open flame calorimetric method with open flame for the determination of the calorific 
values of gaseous samples was employed using gas calorimeter Junkers. The basic principle was based on the 
specific amount of gas that was metered and completely burnt. By a heat exchanger, the heat of combustion 
released by the burner was transferred to a metered heat absorbing air. As a result, the temperature of the fluid 
increased. The temperature increase was a measure of the calorific value. The calibration of the equipment was 
carried out by using gases of known calorific value. 
 
7.0 Results and Discussions 
The results obtained by using equations (1) to (9) are as shown in Table 1  
Table 1: Constituents of the cattle dung biogas and their thermo-physical properties 
 The thermo-physical properties of the biogas are as shown in Table 1. The biogas constituents are in 
column 1, the moles of the constituents in 2nd column and their respective molar masses are in column 3.  The 
mass of every constituent in the mixture is located in column 4, mass fraction and the specific gas constant in 
columns 5 and 6 respectively.  The specific heats at constant volume and pressure of the component gases are in 
columns 7 and 8. 
The six rows in Table 1 show gas constituents with CH4, being first, CO2 is second, H2S being third, CO 
fourth and NH3 fifth. The values of the parameters except for the ratios of the specific heats are added as shown in 
row 6. Each constituent gas in the biogas mixture had total mole with CH4 as 0.562, CO2 0.395, H2S 0.018, CO 
0.019 and 0.005 for NH3 thus bringing the total mole of the biogas to 0.999 in column 2. The molar masses of the 
constituent gases are in the order of 16 kg, 44 kg, 34 kg, 28 kg and 17 kg. The sum of the respective properties of 
constituents in each column is shown in the 6th row for columns 2, 4, 6, 7 and 8. Constituents’ total mass in the 
biogas mixture was 27.601kg, biogas constant R was 0.3009197 kJ/kgK, specific heat at constant volume (Cv) was 
0.8998976 kJ/kgK and specific heat at constant pressure (Cp) was 1.200817 kJ/kgK. The calorific value of the 
biogas was 19.50 MJ/m3.   
 
Figure 1 shows the variation of  relative density and the cummulative specific volume of the cattle dung 
biogas with timefor the two weeks of the incubation period. The relative density of the biogas rose sharply on the 
second day of incubation to 5.039208 before dropping sharply  to 2.511261 on the third day. Thereafter it assumed 
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a relatively slower fall or gentle downward turn through 1.850403 and 1.465913 till day 6 with 1.424475. It 
marginally decreased till the end of incubation with a value of 1.270801. The sharp rise of the relative density in 
the second day was as a result of air eclosed in the digester during charging which reacted with the substrate. This 
gave rise to production of carbon dioxide. As the carbon dioxide was used up as anaerobic digestion progressed 
there was slower production of the other components like methane of  the biogas. 
The cummulative specific volume of the biogas also rose steadily on day 2 from zero to 0.622732m3/kg 
on fifth day of incubation. After this period there was marginal increament of its specific volume, hence the graph 
assumed logarithmic behaviour to the end of incubation with 0.718343 m3/kg occuring on the last day. 
 
In Figure 2, the temperature plot had a zigzag behaviour because the digester was placed in an 
uncontrolled environment and therefore the temperature varied with the environmental conditions, hence its 
hapzard nature. On the other hand the Wobbe Index had a sharp rise from day 1 at zero to day 2 with 8.530758 
MJ/m3 thus indicating a high value, this is due to the reaction between the substrate and the air in the digester. The 
plot assumed a logarithmic shape from day 2 with 12.08434 MJ/m3 through today 5 with a value of 15.81665 
MJ/m3 and thereafter Wobbe Index recorded marginal increament as the anaerobic digestion progressed with 
16.98752 MJ/m3 on the last day.   
 
Figure 3 shows the plots of bacterial growth rate and voaltile solids destroyed against the the days of 
incubation. The daily bacterial growth rate had a zigzag behaviour because it was temperature dependent and so it 
varied with temperature of the digester. This was about 3.81  on the first day but dropped to almost 3.78 on the 
second to rsie again on the third day. The whole process went on that way till the last day when the growth rate 
was about 3.76. 
The volatile solids destroyed  increased from almost 18.9 % on  the second day, assumed a  logarithmic 
shape to 40.9493% on the fifth day and after then marginally increased throughout the rest incubation period  thus 
indicating that the process of destruction of the volatile solids to produce biogas was slow but sure especially at 
the prevailing temperature at which the incubation took place.     
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In Figure 4, the the plots of enthalpy and internal energy also recorded zigzag behaviours because they 
were dependent on the digester  temperature which invarably interacted with the ambient temperature. As the 
ambient temperature rose, the digester temperature, the enthapy and the internal energy rose and they dropped with 
the fall in the ambient temperature.  The enthalpy plots however had higher values with the highest being almost 
364 kJ/kgK and the lowest 359 kJ/kgK than that of the internal energy of the biogas as it had the highest value of 
about 273 kJ/kgK and the lowest 269 kJ/kgK. This is reasonable as the internal energy is a component part of 
enthalpy of the biogas.  
 
7.0 Conclusion 
The analysis of biogas generated from the anaerobic digestion of cattle dung using the GC/TCD showed its 
constituents as CH4, CO2, H2S, CO and NH3 with the respective moles as 0.562, 0.395, 0.018, 0.019 and 0.005. 
The total mass in the biogas mixture was 27.601kg, biogas constant R was 0.3009197 kJ/kgK, specific heat at 
constant volume (Cv) was 0.8998976 kJ/kgK and specific heat at constant pressure (Cp) was 1.200817 kJ/kgK. The 
relative density of the biogas rose sharply to about 4.28 before dropping to 2.14 to assume a slower and marginal 
downward turn. The cummulative specific volume of the biogas also rose steadily from zero to about 0.64 m3/kg 
before its logarithmic marginal increament to the end of incubation.  The Wobbes index and volatile solids 
destroyed  increased from 8.530758 MJ/m3 and 20% respectively and assumed logarithmic shapes followed with 
marginal increment till the day of incubation. The bacterial growth rate per day, the enthalpy and the internal 
energy of the varied with the digeter temperatures. 
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